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forming the contact hole. Further, all etchings 
excepting the last anisotropic etchings are performed 
within the same group. 



PURPOSE: To easily form a smoothly and fully tapered COPYRIGHT: (01996.JPO 
contact hole by repeatedly performing isotropic etching 
having a fluorine radical as an etchant and subsequently 
performing highly anisotropic etching by vertical ion 
implanting whereby etching is performed in the same 
group excepting the last anisotropic etching. 

CONSTITUTION: An insulating film 12 is formed on a 
semiconductor substrate such as a silicon substrate 10 
so as to form a resist layer .14 by application. Next, an 
opening corresponding to a hole diameter of a contact 
hole to be formed is formed on the resist layer 14. 
Later, isotropic etching using a fluorine radical is 
firstly performed so as to perform some isotropic 
etching of the insulating film 12, next highly 
anisotropic etching due to vertical ion implanting is 
performed so as to further perform some anisotropy 
etching of the insulating film 12, . next highly 
anisotropic etching due to vertical ion incidence . is 
performed so as to further perform some anisotropic 
etching of the insulating film in the vertical direction 
for still deeper digging the contact hole having 
prescribed hole diameter. These isotropic and 
anisotropic etchings- are three times repeated for 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. °. 

2.**** shows the word which can not be translated 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION ~ $ _ jjfc 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the etching technology of the contact hole in the 
manufacturing process, of a semiconductor device. It is related with the etching system which 
enforces the formation method of this contact hole in the formation method of the contact hole which 
can form the contact hole which has the side attachment wall of a suitable smooth inclination (the 
shape^of an abbreviation taper) in detail with easy and high productive efficiency, and a row. 

[Description of the Prior Art] In order to make step coverage of a contact hole high with detailed- 
izing of a semiconductor device, it is possible to attach an inclination (taper) to the side attachment 
Avail of . a contact hole, or to enlarge the up aperture of a contact hole, and various kinds of methods 
are devised and enforced. 

[0003] For example, as shown in drawing 4 , the insulator layers 12, such as a BPSG (boro phospho . 
silicate glass) film, are formed on a silicon substrate (silicon wafer) 10. CF4+02 after forming the 
resist layer 14 corresponding to a contact hole furthermore Chemical dry etching using mixed gas 
etc. (CDE), or the wet etching using etching reagents, such as BHF, etc. - isotropic etching -- 1 time 

carrying out ~ an insulator layer 12 - isotropic - some - etching -- behind the.bottom Reactive 
ion etching (RIE) etc. performs anisotropic etching once, and the method of punching the wineglass- 
like contact hole 14 is performed. 

[0004] Moreover, in the formation method of the contact hole using RIE as other methods, 
conditions, such as a ratio of gas, are adjusted, a selection ratio etc. is adjusted suitably, and forming 
an abbreviation taper-like contact hole is also known. For example, it is CHF3 in case RIE using the 
mixed gas of CF4+CHF3+Ar is performed. By performing a deposition to a wall, etching as a strong 
atmosphere of deposition nature by making [ many ] a ratio The method and CF4 which form an 
abbreviation taper-like contact hole And/or, CHF3 The improvement in a ratio, and 02 The selection 
ratio of a resist lay er and an oxide film is reduced by addition of gas etc. Forming a contact hole, 
when a resist layer also ********** s> the meihod of forming an abbreviation taper-like contact hole 
etc. is learned. 

[0005] However* by the method of performing 1 time of anisotropic etching after performing 1 time 
of isotropic etching mentioned above, as shown in drawing 4 , a contact hole 14 becomes wineglass- 
like, a part for a height as shown not all over the shape of a smooth taper but all over [ a ] drawing is 
formed, and there is a trouble that the step coverage of this portion is bad. Moreover, in order to 
perform CDE or wet etching, and completely different etching called RIE, with conventional 
equipment, different equipment needs to perform both etching and the trouble of being bad also has 
productive efficiency. 

[0006] On the other hand, in the method of adjusting the rate of a gas ratio etc. in RIE, depending on 
about [ that the controllability of an aperture cannot form a bad predetermined contact hole ], and 
deposition nature, the aperture of a contact hole becomes very small, and there is a trouble that an 
aperture changes with depth of a contact hole, by the method of making the inside of a system a 
strong atmosphere of deposition nature. Moreover, by the method of falling a selection ratio, 
restrictions cannot be received in resist layer thickness and an etching rate, and sufficient taper 
cannot be attached. Or in order to form sufficient taper, it is necessary to thicken a resist layer, and 



productive efficiency is bad too. Therefore, establishment of the technology which can form a 
contact hole with a good taper easily is desired. 

rProblem(s) to be Solved by the Invention] The purpose of this invention is to solve the trouble of 
the aforementioned conventional technology, has smooth and sufficient taper and is to offer the 
etching system which enforces the formation method of the contact hole which can form the contact 
hole excellent also in the dimensional accuracy, with easy and high productive efficiency, and the 
formation method of this contact hole. 

Kms for Solving the Problem] In order to attain the aforementioned purpose, the formation 
method of the contact hole of this invention It is the formation method of the contact hole m die 
manufacturing process of a semiconductor device. Supply neutral gas to the electric target which 
contains a fluorine radical in a semiconductor wafer, and isotropic etching is performed Then, by 
repeating supplying the ion which carries out incidence perpendicular y to the aforementioned 
emSuctor Wafer front face, and performing high etching of an anisotropy The formation method 
ofSe contact hole characterized by forming the contact hole to which the mclmation was attached to 
the side-attachment-wall section, and etching within the same system at least except the last 
anisotropic etching is offered. , J . ■„„ fVl „ 

r00091 Moreover, in the aforementioned formation method, it is desirable in performing die 
aforementioned i otropic etching by downflow etching using the microwave discharge of an electtic 
ToZZ room equation which is separable, and reactive ion etching performing high etching of the 
aforStioned anisotropy, and carrying out by switching the high-frequency-voltage impression to 

£SSS^-^W««i« ^° de to «* p edestal which * ays a ^^ ductor t ^ r 

for foe switch to high etching of an anisotropy from the aforementioned isotropic etchmg with the 
aforementioned microwave discharge. 

r0010] Moreover, in the aforementioned formation method, it is desuable in carrying out by 
tonre s^g high-frequency voltage to the high-frequency-voltage impression electrode fo the 
SS^hfoh lays a se Jconductor wafer, performing the aforementioned isotropic etchmg by 
Sw etehinjusing the microwave discharge of an electric discharge room equation which is 
a^d reactive ion etching performing high etching of the aforementioned anisotropy, and 
ptrfJrm^g foeXementioned microwave discharge for the switch to high etchmg of an anisotropy 

wafe wifowStie etching system of this invention was insulated with the reaction chamber waU 
S hi area^onchamber; The microwave-discharge plasma generating section which adjoins 
mTXementioned reaction chamber and is prepared, A means to supply the gas for etching to this 
ScmSJSSS^-ptama generating section, The etching system ^^{^Zte 
™Ied irdistributor which is arranged between the aforementioned reaction chamber and the 

-ction and a means to impress high-frequency voltage to the 
aforementioned high-frequency-voltage impression electrode is ottered. 

[Son of the Invention] Hereafter, the formation method of the- contact hole of ^^^-aad 
an richhi system are explained in detail based on the suitable example shown, m an attached 
SSTlS formSon method (it considers as the formation method hereafter) of the contact hole 

LentionTets it the foundations to repeat performing isotropic etchmg which makes a 
fluSJ n ££ZuZE same system! then performing high etching of the amsotropy by 
nemendicmar ion incidence, in order to form a taper-Uke contact hole. . 
fom31 The formation method of this invention is notionally shown in djawiagj. . In the formation 
SfSZ m the manufacturing process of a semiconductor device an ^uhator layer 
nTformed on the semiconductor substrate of silicon-substrate (silicon wafer) 10 grade, and 
#Slon of the resist layer 14 is carried out. Subsequently, aft* formmg ; openmg 
a- rr ^ *h» QT^prtur^ fnath of ****} of the contact hole to form m the resist layer if, aj> 

hyalT i! "••••««"ed a Utile isotropic, first, subsequently As shown in drassmll (°), high 



■ £5X?i i 5 amSOtr ? 1C etchin g her ^) of the anisotropy by perpendicular ion 
mcidence is performed, an insulator layer 12 is *** ed a little still perpendicularly m 

me fo™tn™° ft"? h0lC ofa P redet «d aperture is punched still more^eeply.By 

die formation method of this invention, a taper-like contact hole is formed by carrying out by 
repeating isotropic etching and anisotropic etching. gouioy 

^ITSl- 8 ' ^ ^ e3 ? n * le of illustration, while performing isotropic etching again, 
. j ' ** f g msulator t la y er l 2 a IMe further and removing a part for a height subsequently to 
dmwjng_l(c) so that it may be shown, on the whole, the diameter of a contact hole is expanded 
Then, as shown in drawing 1 (d), anisotropic etching is performed, and the contact hole of a 
SSST"? a Pf rtu ^/«P u ^ h «i still more deeply. Furthermore, by performing isotropic etching, 
as shown in drawing \ (e), performing anisotropic etching finally, and penetrating an insulator layer 
12, as shown in drawing 1 (f) (abbreviation), the taper-like contact hole 20 is formed. That is in the 
example of illustration, the contact hole 20 is formed by repeating isotropic etching and anisotropic 
etclimg (cycle of "isofropicetchm^^ v 5 p 

(001 5] The contact hole 20 of the shape of a smooth taper brings a result which punches extending a 
liole also m a longitudinal direction by isotropic etching by carrying out by repeating the cycle of 
isotropic etching and anisotropic etching according to the formation method of such this invention as 
shown m drawing \ (a) - (f), and punches a contact hole by foe predetermined aperture by 
anisotropic etching, and the amount of height is not can be formed, and - since a contact hole is 
Sf?^ mpI i te( ! b £ ±e isotropic etching which could control the up aperture (it considers as 

hereafter) of a contact hole, and.rnet opening of the resist layer 14 by controlling the total 
amount of the isotropic etching from the 1st time to the last - a hole - it can do with what also has 
an exact diameter of bottom 

[0016] In the formation method of this invention, ****** and the taper configuration of a contact 
hole can be adjusted by adjusting the number of times of a repeat of isotropic etching and anisotropic 
etching, and the amount of etching of each time (it mainly controlling by time). ****** of a contact 
hole ls^eternuned from the demand on a design and a total process. Therefore, what is necessary is 
just to determine the total amount of isotropic etching, i.e., the total quantity of the isotropic etching 
from the 1st time to the last, according to this. About the side-attachment-wall configuration of a 
contact hole, an effect big enough can be acquired for foe repeat of isotropic etching and anisotropic 
etching compared with foe case (example shown in aforementioned drawing 4 ) where he has 2 times 
or more, then no repeat. Although it is effective to increase foe number of times of a repeat in order 
i 0 .**^ 6 a S T 0th ^^S^ra^ with a deep hole (big hole of an aspect ratio) compared with 
*, less than. 1 0 times is usually enough, and within the limits of this is desirable also in respect 
of productive efficiency, the size of ******, etc. In addition, even if the amount of etching of each 
tune is a different (isotropy and anisotropy) amount, it may be the same amount 
[0017] The configuration of foe contact hole obtained by the formation method of this invention can 
be expressed more to a detail like drawing 2 . Both drawing 2 is the schematic diagrams showing the 
configuration of the unilateral, side of foe contact hole cross section which assumed that isotropic 
etching and anisotropic etching advanced ideally, and was obtained by the formation method of this 
invention, and is the contact holes which performed the repeat of isotropic etching and anisotropic 
etching 7 times, and formed it. (x, y) show a coordinate as a zero (0 0), setting [ the m-th amount of 
isotropic etching ] Bm and the number of times of a repeat at the time of an etching end to T for the 
amount of Am and the m-th anisotropic etching, and using the depth direction as the y-axis for the 
mask soffit of the resist layer 14 by using the direction of a front face into a x axis. In the example 
shown in drawing 2 , it is Am=0.5 and Bm=0.5m and T is 7 as mentioned above. 
[001 8] First, 90 degree radii of interior angles are drawn in the radius r shown by the following 
formula (1) focusing on a zero (0 0). 
[Equation 1] 

r= Z Am (1 ) 

m-1 



It is set to ,, r=Al+A2+ ....A7 =0.5x7" in the example of illustration. 

[0019] Subsequendy, according to the number of T, it repeats drawing the radii of 90 degrees of 
interior angles in the radius r shown by the following formula (3) focusing on the coordinate point 



shown by the following formula (2). 
[Equation 2] 

(0, Z(Am+Bm)) (2) 

m-1 



s I Al + l-m (3) 



In the example of illustration, the radii of "r=A2+A3+ ....A7 =0.5x6 1 are drawn focusing on a 
coordinate point (0 1). namely, subsequently The radii of "r=A3+A4+ A7 =0.5x5" are drawn 
focusing on a coordinate point (0 2.5), and it is isotropic etching A7 about .. And anisotropic etching 

B7 It repeats until it corresponds. . . , , 

r00201 Thus by connecting the radii which draw a line parallel to the y-axis and adjoin each other, 
when radii are connected in that drew radii and adjacent radii crossed and radii do not cross, as 
shown in drawing , it becomes the taper configuration of the contact hole obtained by the^^ 
formation method of this invention. Therefore, in the formation method of this invention 
and the taper configuration of a contact hole can be adjusted by adjusting ; the number of tun* of a 
SpeS of inotropic etohing and anisotropic etching (T), and the amount of etching of each time (Am 



P0021 Un this invention, it etches with equipment with same isotropic etching and anisotropic 
Sin one system at least except the last anisotropic etching at least except the last amsotiopic 
etchini. Therefore, all etching may be performed within one system, or only the last anisotropic 
etching ( drawing 1 (f) and drawing 2 B7) may be performed by another system. 
Sf^SKce ssary islorSerlto be especially no limitation in an etching rate and just to 
detenoine h as it suitaSy in the formation method of this invention, according to etchmg conditions, 
Ich^tiie depfo of a contact hole, an aperture, an aspect ratio, gas used further, and applied voltage. 
^aMuon Zough, as for an etching rate, the etching rate corresponding to the required immmum 
SchiSeTrves as an upper limit from the point of the controllability of the amount of etching 
oeSeTroductivity becoSes good, so that an etching rate is large. Moreover, even if the etchmg 
^^S^SaLg in every cycle and/or anisotropic etching is.the same, they may differ. 
nSffi]£ Z Xtion mfthod of^s invention, if it is etching which used foe fluorme radacal as 
Lnfrnnir etehing and etching which used perpendicular ion incidence as anisotropic etchmg, all 
SSSSS^^Si and vapo'r Sching, chemical dry etching (<^<W 
plasma etching, etc. can use reactive ion etching, sputter etchmg ion beam 
L^tronic etching as isotropic etching. In addition, downflow etchmg is a land of CDE, only tne 
S ^S P wwSv^aXged particle by the grounding electrode and contains active species is 
SiSd af wafer, and isotropic etching is performed. It is desirable to P^^^nng 
SXwnflow etching using CDE, especially foe microwave discharge m respect of Productive 
efficacy foe precision of foe contact hole to form, etc., and to perform anisotropic ^etching by 
reactiveToD (RIE). using both - the total amount of CDE from foe lsUime to foe last ~ 
552?iS conS hole ~ suitable - controllable - foe high afosotropy of Rffi - the hole of a 
contact hole - when a diameter of bottom is correctly controllable, a good etch rate and high 
ZfoictWe efficTScy are realizable in addition, a contact hole - a hole ~ in order.to prevent a upside 
S StaS waU Iservig as a back taper, in foe first isotropic etching, it is required to supply 
neutr^a^ a wafer electrically and not to carry out incidence of foe ion as much as possible In this 
rSoffo orde^to perform RIE and CDE by foe same system, RIE needs to be taken as a low 
r 0 °Pre o?^iL nature so that efohmg m CDE of foe 2nd 

Moreover in order to shorten foe loss time at foe time of foe change to CDE and RIE, it is **irable 
TJtThl the same gas foe flow rate, and foe pressure. Therefore, it is CF4 as reactant gas of 
ScSkltK 

enough obtained in this mixed gas, as for foe last anisotropic etchmg, it is desirable that change a gas 

SSrtSSS — repeating such isotropic etching 

etching perforniing them, and performing both etching once [ at least ] within °f system at least 

exc^ffoe SStropic etchmg, it is foe outstanding productive efficiency and foe contact hole 



etching, andis equipment which perfonns anisotropic etching by RIE In the etc^ svsSn the 
stT^al^ 

Sanun eSX'o^ ; m T • ^ Sy f tem 30 ° f ^ exam P le °f illustration, a chamber 32 
as an up electrode of RIE as a desirable mode. Moreover, the vacuum pump (illustration 
abbreviation) wi& wkch a chamber 32 makes the chamber 32 interior a v» S the 
conductance bulb 34 from a base is connected, and the capacitance manomete^6 wnich measures 

°5 VaC ^r 8 Chamber 32 is at a side attachment wall 

£026] A pedestal 40 is arranged under the chamber 32. The silicon wafer (silicon substrate) 42 in 
which a contact hole is formed is laid in this pedestal 40, and etching is performed by CDE and Sfi 
h> addition, while etching the temperature of a silicon wafer 42, the Temp^eratr-conLl mechaWm 
for keeping it constant is prepared in the pedestal 40 (illustration abbreviation?, fr *e e ctog Z tern 
30 of this mvention, the pedestal 40 which lays a silicon wafer 42 is formed with conduct? * 
TS^' E? a f h alummum to whi <* the front face oxidized, and is insulated with the 

chamber 32 by the msulatmg layers 38, such as Teflon and a ceramic. Furthermore, the RF (Rf) 
power supply 44 is connected to a pedestal 40. That is, a pedestal 40 acts as a Rf voltage impression 

fortwA 6 0356 V* ?° Wer eleCtr ° de) - * ™ Ctchm ^ ^ 30 > wttis nTc^ is 

t * e f SpeC1 ^ n ° lmntat t on ™ *» fre q uenc y ^ ^. and just to decide suitably that it wiU 
bcrt accordmg to an etching rate, the type of gas to be used, an about 13.56MEIz thing is usually 

[0027] In addition with the equipment of the example of illustration, a pedestal 40 and RP generator ' 
44 are connected through the matching circuit (a blocking capacitor is included) 46 for taking 
adjustment of the impedance of Rf at the time of impressing Rf, and plasma. 
[0028] On the other hand, opening is formed in the ceiling of a chamber 32 and this opening is 
blockaded by the quartz bell jar 50 through the gas distribution ring 48. In addition, you may use the 
.belljar made from a ceramic instead of the quartz bell jar 50. The gas for etching carries out mixed 
distribution, the gas distribution ring 48 is emitted in the quartz bell jar 50, and the gas supply means 
54 is connected. The etching system 30 of the example of illustration is CF4 as an example 02 It is 
equipment which performs RIE and CDE by mixed gas, and the gas supply means 54 is CF4 and 02 
And it connects with the source of supply of N2 gas, and the amount of supply of each gas is 
adjusted and controlled by the mass-flow controller (MFC) 56 arranged corresponding to each, 56 
and the bulb 58, and 58 --. 

[0029] Moreover, in the equipment of the example of illustration, as the quartz belljar 50 is covered 
from the upper part, the waveguide 62 connected to the microwave transmitter 60 is arranged a 
cavity resonator is formed, and microwave is supplied to the quartz bell jar 50 interior. That is the 
building envelope of the quartz belljar 50 serves as the microwave-dischargepl'asma generating 
section which adjoins a chamber 32. Although what is necessary is for there to be especially no 
limitation in the frequency of the microwave by the microwave transmitter 60, and just to decide 
suitably that it will be it according to an etching rate, the type of gas to be used, an about 2 45GHz 
thing ; is usually used. The three stub tuner 66 for taking adjustment of the impedance of the isolator 
64 which absorbs the microwave reflected by the quartz bell jar 50 to a waveguide 62 and 
microwave, and the plasma in the quartz bell jar 50 is arranged 

[0030] The gas distributor 68 is arranged between the plasma generating section, the chamber 32 
interior 50 l e., a quartz bell jar, and the chamber 32. The gas distributor 68 is the plate which has 
the hole of the shape of a mesh formed with conductive material, such as aluminum and a large 
number, and is grounded; . 

[0031] As mentioned above, the etching system 30 concerning this invention is equipment which can 
perform isotropic etching by CDE (downflow etching), and anisotropic etching by RIE. In case CDE 
is performed in this equipment, the chamber 32 interior is decompressed with a vacuum pump a 
flow rate is controlled by MFC56 and the bulb 58, and gas is supplied from the gas supply means 54 
by them (reaction). It is distributed by the gas distribution ring 48 and gas is uniformly introduced in 
the quartz belljar 50. Moreover, the gas pressure in a chamber 32 is measured with the capacitance 



manometer 36 and is controlled by the conductance bulb 34 (the need is accepted and they are MFC 
T56 1 and a bulb 58) by the predetermined value. If microwave is generated by the microwave 
fransmitter 60 in this state, the quartz bell jar 50 is supplied through a waveguide 62 the gas in tne 
quartz bell jar 50 will be plasma-ized, the 1 st plasma 52 will occur, and a fluorine radical will 
generate microwave in the example of illustration. . 
r00321 here the quartz bell jar 50 and chamber 32 interior (microwave-discharge plasma generating 
section) is divided with the grounded conductive gas distributor 68 - having - **** - moreover « a 
chamber 32 - conductivity - and since it is grounded, the charge particle in the st plasma 52 is 
absorbed by the gas distributor 68, and does riot trespass upon the chamber 32 interior On the other 
hand, the inert gas containing the fluorine radical generated by the 1st plasma 52 passes the gas 
distributor 68, and trespasses upon the chamber 32 interior, a silicon wafer 42 is reached, and 
isotropic etching by CDE is performed. _ j.j*v„- 

r0033] In addition, the quartz bell jar 50 (plasma generating section) is duectly linked with a 
chamber 32 and while arranging a silicon wafer 42 in the quartz bell jar 50 in a chamber 32, and the 

S wmch coSers, a cSer 32 is made to act as an up electrode as mentioned above in die 
etching system 30 of the example of illustration. Therefore, the number of times of a collision of a 
fluorine radical and chamber 32 wall can be stopped to the minimum, and speed of isotropic etching 
ca^be enlarged by making into the maximum the amount (concentration) of the fluorine radical 
which reaches a silicon wafer 42. # m , . . . 

m0341 On die other hand, RIE can be performed as follows. As mentioned above, it is conductivity 
and meSating layer 38 insulates with the chamber 32, it connects with the Rf power supply 44 
rurther and Sedestal 40 in which a silicon wafer 42 is laid is. Therefore, gas pressure is adjusted 
SS^anTifme Rf power supply 44 is driven, suspending or driving the microwave generatoi 60 
and RF power is supplied to a pedestal 40, the 2nd plasma 70 will occur between a pedestal 40 and a 

[S^chamber 32 is grounded, and compared with the groveling-electrode area which consists 
of thewall, since it is sharply small, the direct current voltage of e 
plasma 70 (+) and makes a silicon wafer 42 (-) between the 2nd plasma 70 and a pedestal 40 42, i e., 
Son wafer, generates the area of a pedestal 40. Thereby, the ion with die positive xharge within 
the 2nd plasma 70 acquires energy, it carries out incidence to a silicon wafer 42 and RIEis 
Performed Here since it generates between the 2nd plasma 70 and a pedestal 40, die duection of 
SeTce of ion can become almost perpendicular to a silicon wafer 42, therefore direct cmxent 
voltage can enlarge a vertical etch rate enough to a longitudinal direction, and can realize RIE with a 

mM6vS < is y according to the etching system 30 of this invention, the drive of the microwave 
geneSto^O can perfS CDE, i.e., isotropic etching, and the drive of the Rf power supply 44 can 
RIE, i.e. anisotropic e ching. That is, according to the etching system 30 isotropic etching 
Sr S otiopic elching ca!i be changed only by a drive/halt of •ta^^S' Qn6 
atmosphere in a chamber is adjusted if needed), both etching can be easily earned out within one 
sSem Z me formation method of the contact hole of the above-mentioned this invention can be 
eSorSd^ldTgood productive efficiency, And in the example of illusion, since the same gas is 
pfrfonning CDE and RIE, formation of a simpler contact hole is pos ^"^^T^fL _ 
opemnHf a quantity of gas flow and the conductance bulb 34 is identically set up by CD£ and RIE, 
sK^chirig time of CDE and RIE will be made to parenchyma top zero, productive efficiency 

M371 Stiof See the same gas is performing CDE and RIE, although lateral etching advances 

ej&^^e rfilhL-km also in the case of RIE, this is fully 
2SS of a contact hole can be adjusted in the total amount of longitudmal . d ^£^5«^ 
CDE and RIE in this case, a problem does not become at all, Moreover, when performing RIE, even 
S 5 dSLflS miaowave'generator 60 as mentioned above it is not necessary to cany out. Here, if 
he microwave generator 60 is driven and RIE is performed, since CDE wdl also advance 
stuZeo^lv aTetoh rate LTa lateral etch rate become early. Therefore, what is necessary is just 
HeteS suiSty a iive/halt of the microwave generator 60 in RIE accorduig to the taper of the 
contact hole to form etc." 



[0038] As mentioned above, since RIE and CDE are performed within the same system in this 
invention, in order not to block advance of etching in CDE of the 2nd henceforth, it is necessary to 
make RIE into the low atmosphere of deposition nature, and sets to the etching system 30 of the 
example of illustration, and it is CF4 as reactant gas. 02 It is etching using mixed gas. When an 
insulator layer 12 is a BPSG film etc., it is CF4 to etching. 02 Although mixed gas can be used, by 
this mixed gas, the selectivity of the insulator layer 12 in the case of RIE and silicon is low, and just 
as etching of an insulator layer 12 advances and a silicon wafer 42 is exposed, it will ********** to 
a silicon wafer 42. therefore, the selectivity of an insulator layer 12 and a silicon wafer 42 - a low 
case — drawing 2 , the last RIE (anisotropic etching) (f), i.e., aforementioned drawing 1 , B7 As. for a 
process, it is desirable not to carry out with this equipment but to carry out by another RIE system. 
[ in / RIE / in this way ] Or in the case of the last RIE, the reactant gas supplied from the gas supply 
means 54 may be changed, and the selectivity of an insulator layer 12 and a silicon wafer 42 may be 
raised. ■ 

[0039] As mentioned above, although the formation method of the contact hole of this invention and 
the etching system were explained, this invention of various kinds of change and improvement being 
performed is natural in the range which limitation is not carried out to an above-mentioned example, 
and does not deviate from the summary of this invention. Moreover, although the above explanation 
carried out the contact hole to the example, this invention of your using for formation of a veer hole 
is natural. 
[0040] 

[Example] Hereafter, the concrete example of this invention is given and this invention is explained . 
more to a detail. 

On the silicon wafer 42 which passed through the [example] diffusion layer formation process, the 
gate electrode formation process,- etc., the BPSG film of 7000A ** is formed as an insulator layer 12, 
and application formation of the resist layer 14 is carried out. Subsequently, after forming opening 
according to the contact hole 20 to form in the resist layer 14, the contact hole 20 was formed at the 
process shown in drawing 1 using the etching system 30 shown in drawing 3 . Reactant gas is CF4. 
02 It is mixed gas and the amount of supply is CF4. 80sccm(s) and 02 It was referred to as 20sccm 
(s) and the pressure in a chamber 32 was set to 0.2Torr(s). Moreover, for the output of the 
microwave generator 60, frequency is [ the frequency of the output of 2.45GHz and the Rf power 
supply 44 ] 13.56MHz in 500 W 800 W. The etching rate of the silicon wafer 42 in the above- 
mentioned conditions and a perpendicular direction is as follows. 

At microwave =800W, it is Rf=: At the time of 0W (namely, CDE); it is microwave = by 2000A/. At 

OW, it is a part [0041] for;6000A/at the time of Rf=500W (namely, RIE). The above condition, the 

1 st time is etched. : It is 30 second = drawing 1 (a) about Above CDE. 

2nd etching: It is 10 second = drawing 1 (b) about Above RIE. 

3rd etching: It is 30 second = drawing 1 "(c) about Above CDE. 

4th etching: It is 1 0 second = drawing 1 (d) about Above RIE. 

5th etching: It is 30 second = drawing 1 (e) about Above CDE. 

The process shown in ****** and drawing 1 (a) - (e) was etched. On this etching condition, since a 
deposition does not arise into the portion to which ion irradiation of [ under the resist layer 14 ] is not 
carried out in the case of RDE, isotropic etching advances uniformly and a smooth taper is formed. 
[0042] Here, the selectivity of an insulator layer 12 and silicon is a low. [ in / RIE / as mentioned 
above / at the above-mentioned conditions ] Therefore, when the 5th etching was completed, the 
silicon wafer 42 was taken out from the etching system 30, and using another etching system, using 
the mixed gas of CF4+CHF3+Ar, the selectivity to Si performed anisotropic etching (process of 
drawing 1 (f)) of RIE, i.e., the last, on the etching conditions of an anisotropy highly and completely, 
and formed the contact hole 20. Consequently, by the processing time equivalent to the conventional 
contact hole formation shown in drawing 3 , the good contact hole which has smooth and sufficient 
taper could be formed, and step coverage was able to be improved. From the above result, it is a 
book. 
[0043] 

[Effect of the Invention] As mentioned above, as explained in detail, according to this invention, it 
has smooth and sufficient taper, the contact hole excellent also in the dimensional accuracy can be 



formed with easy and high productive efficiency, and step coverage can be improved with high 
productive efficiency. 



[Translation done.] 
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